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(57) ABSTRACT 

A trans?ective liquid crystal display comprises a top plate 
comprising a transparent electrode; a bottom plate bonded to 
the bottom plate, the bottom plate comprising trans?ective 
electrodes of aluminum nitride; a liquid crystal layer inter 
posed betWeen the top plate and the bottom plate; and a light 
source behind the bottom plate. The trans?ective electrodes 
re?ect incident ambient light and transmit light emitted by 
the light source. In the liquid crystal display according to the 
present invention, the trans?ective electrodes of aluminum 
nitride replace conventional transparent pixel electrodes 
such that an image is generated by the trans?ective liquid 
crystal display When either ambient light is incident on the 
surface of the top plate or When light is generated by the light 
source . 

16 Claims, 7 Drawing Sheets 

140 

120 

120a 
12Gb 

130 

110 

140 

152 



U.S. Patent Aug. 3, 2004 Sheet 1 0f 7 US 6,771,338 B2 

oom mNm 0mm mt cow 

. 0.0m odm odv 0.0m 0.0m 0.0m 0.0m 0.0m odor 
(%) 



U.S. Patent Aug. 3, 2004 Sheet 2 0f 7 US 6,771,338 B2 

NE 
A ma v 0539a @5321 .w.> $8 5 22 PE 2 B mocmEEwcmc. w 3262mm 

0.0 o.o_‘ odw odm 06v odm ode 0.0» cdw 0.0m 0.09, 







U.S. Patent Aug. 3, 2004 Sheet 5 0f 7 US 6,771,338 B2 

140 
120 

120a 12Gb 130 110 140 
__Q 

154 

llllllllllllllllllllll / 152 

Fig.5 

lllllllllll IllllIlllllllllllllITIIIIIIIIIIlllllllllllllllllllllllllllllllll 



U.S. Patent Aug. 3, 2004 Sheet 6 0f 7 US 6,771,338 B2 

“WM 

[112 
i110 

114 

mmuuuuum 
Fig.6 



U.S. Patent Aug. 3, 2004 Sheet 7 0f 7 US 6,771,338 B2 

Fig.7 



US 6,771,338 B2 
1 

TRANSFLECTIVE LIQUID CRYSTAL 
DISPLAY HAVING TRANSFLECTIVE 
ELECTRODES OF AN ALUMINUM 

COMPOUND 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a Liquid Crystal Display (LCD), 
and more particularly to a LCD of the trans?ective type. 

2. Description of the Related Art 
LCDs can be classi?ed based upon the source of illumi 

nation. Re?ective displays are illuminated by ambient light 
that enters the display from the front. A re?ective surface, 
such as an aluminum or silver re?ector placed behind the 
LCD assembly, returns light to illuminate the LCD assembly 
While preserving the polariZation orientation of the light 
incident on the re?ective surface. Although re?ective dis 
plays meet the need for loW poWer consumption, the dis 
plays often appear rather dark and are therefore difficult to 
read. In addition, there are many conditions Where there is 
insuf?cient ambient light, the purely re?ective display is 
thus limited in usefulness. 

In applications Where the intensity of ambient light is 
insuf?cient for vieWing, supplemental lighting, such as a 
backlight assembly, is used to illuminate the display. The 
typical backlight assembly includes an optical cavity and a 
lamp, LED or other structure that generates light. Although 
supplemental lighting can illuminate a display regardless of 
ambient lighting conditions, it is an expensive drain on 
battery life. Thus, the batteries on portable computers, for 
example, must typically be recharged after 2 to 4 hours of 
continuous backlight use. 

In an attempt to overcome the above described draWbacks 
of re?ective and transmissive displays, some electronic 
displays have been designed to use ambient light When 
available and backlighting only When necessary. This dual 
function of re?ection and transmission leads to the 
designation, “trans?ective”. Trans?ective LCDs are a dual 
mode display device. These devices operate either With the 
available ambient light in a re?ective mode or With an 
internal light source in the transmissive mode. 

US. Pat. No. 6,211,992, issued on Apr. 3, 2001 to Van 
Aerle et al., discloses a prior trans?ective LCD With an 
electrode of chromium or aluminum that pass light in the 
transmissive state and re?ect ambient light in the re?ective 
state. HoWever, to ensure that suf?cient light can be passed 
in the transmissive state, the electrode must not be thick (in 
the case of aluminum, for example, thinner than 150 ang 
stroms. It is very dif?cult to provide such electrodes With 
sufficient accuracy. Variations in thickness cause large varia 
tions in light transmission and, as a result, lead to non 
uniform display in both the re?ective state and the trans 
missive state. In the case of relatively large panels, the small 
thickness additionally in?uences the drive behavior because 
the sheet resistance becomes too high. 

SUMMARY OF THE INVENTION 

Therefore, it is a primary object of the present invention 
to provide a liquid crystal display With trans?ective elec 
trodes of aluminum compound such as aluminum nitride 
Which overcomes, or at least reduces the above-mentioned 
problems of the prior art. 

According to a preferred embodiment of the present 
invention, the liquid crystal display comprises a top plate 

10 

15 

25 

35 

40 

45 

55 

65 

2 
comprising a transparent electrode; a bottom plate bonded to 
the top plate, the bottom plate comprising trans?ective 
electrodes of aluminum nitride; a liquid crystal layer sand 
Wiched betWeen the top plate and the bottom plate; and a 
light source behind the bottom plate. The trans?ective 
electrodes re?ect incident ambient light and transmit light 
emitted by the light source. In the liquid crystal display 
according to the present invention, the trans?ective elec 
trodes of aluminum nitride replace conventional transparent 
pixel electrodes such that an image is generated by the 
trans?ective liquid crystal display When either the ambient 
light is incident on the surface of the top plate or When the 
light is generated by the light source. 

In the trans?ective liquid crystal display according to the 
present invention, suf?cient light from a light source 
(backlight) can pass through the trans?ective electrodes of 
aluminum nitride, While, on the other hand, the trans?ective 
electrode still has such a thickness (for example approxi 
mately 250 angstroms) that thickness variations caused by 
process variations do not in?uence the uniformity of the 
display. Further, the sheet resistance decreases considerably, 
thereby enhancing the drive behavior. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, advantages, and novel features of the 
invention Will become more apparent from the folloWing 
detailed description When taken in conjunction With the 
accompanying draWings: 

FIG. 1 is a graph shoWing a relation betWeen a transmit 
tance or a re?ectivity to a thickness of AlN or Al ?lm; 

FIG. 2 is a graph showing a relation between a re?ectivity 
& a transmittance of Al or AlN ?lm (With a thickness of 100 
angstroms) to a ?lm forming pressure; 

FIG. 3 is a graph shoWing a relation betWeen a re?ectivity 
& a transmittance of Al or AlN ?lm (With a thickness of 250 
angstroms) to a ?lm forming pressure; 

FIG. 4 is a graph shoWing a relation betWeen a re?ectivity 
& a transmittance of AlN ?lm to a NZ/Ar ratio; 

FIG. 5 is a cross sectional vieW of a portion of a 
trans?ective LCD according to a preferred embodiment of 
the present invention; 

FIG. 6 is a top plan vieW of a bottom plate of the LCD 
shoWn in FIG. 5 according to the present invention; and 

FIG. 7 shoWs a portion I of FIG. 6 according to the present 
invention on an enlarged scale. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

As to the problem occurred in conventional LCDs of the 
trans?ective type as described above, the inventor has found 
during researches that aluminum compound such as alumi 
num nitride (AlN) can replace chromium or aluminum as the 
trans?ective electrodes. The inventor has investigated a 
relation betWeen the transmittance/re?ectivity to the thick 
ness of AlN and Al ?lm, and the result is shoWn in FIG. 1. 
The graph of FIG. 1 shoWs that the transmittance of AlN ?lm 
is higher than Al ?lm With the same thickness When the ?lm 
thickness is 500 angstroms or less. Furthermore, the trans 
mittance curve and the re?ectivity curve of AlN ?lm inter 
sect at a point corresponding to a ?lm thickness more than 
100 angstroms. By contrast, the transmittance curve and the 
re?ectivity curve of Al ?lm extrapolate to intersect at a point 
corresponding to a ?lm thickness less than 100 angstroms. 
Therefore, compared With Al, AlN can be used With a Wider 
process WindoW, and thus AlN is more suitable for mass 
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production. Then, the inventor has investigated, When Al or 
AlN is deposited by sputtering to a thickness of 100 
angstroms, a relation betWeen the re?ectivity/transmittance 
of Al or AlN ?lm to the ?lm forming pressure in the 
sputtering process, and the result is shoWn in FIG. 2. The 
graph of FIG. 2 shoWs that the transmittance of AlN ?lm is 
30% higher than the transmittance of Al ?lm, and the 
re?ectivity of AlN ?lm is a little less than the re?ectivity of 
Al ?lm by 10%. Therefore, AlN ?lm is a better choice for a 
LCD design emphasiZed With high transmittance. Further, 
the inventor has investigated, When Al or AlN is deposited 
by sputtering to a ?lm thickness of 250 angstroms, a relation 
betWeen the re?ectivity/transmittance of Al or AlN ?lm to 
the ?lm forming pressure in the sputtering process, and the 
result is shoWn in FIG. 3. The graph of FIG. 3 shoWs that the 
re?ectivity curve and the transmittance curve of AlN ?lm 
intersect at a point corresponding to a ?lm thickness Within 
the typical sputtering pressure, i.e., betWeen 0.3 Pa and 1 Pa. 
Therefore, the sputtering process of AlN ?lm can be easily 
conducted. By contrast, When the sputtering pressure is set 
to a value of about 0.3 to about 1 Pa, the Al ?lm has a 
maXimum transmittance of only 10%. Besides, the inventor 
has investigated, When AlN ?lm is formed by sputtering, a 
relation betWeen the transmittance/re?ectivity of AlN ?lm 
and the NZ/Ar ratio in the sputtering process, and the result 
is shoWn in FIG. 4. The graph of FIG. 4 shoWs that, by 
adjusting the NZ/Ar ratio, We can obtain an AlN ?lm With a 
speci?c transmittance/re?ectivity to meet the design require 
ment of product. Typically, the average transmission of 
trans?ective electrodes over the visible spectrum is desirably 
not less than 10% to ensure that sufficient light can be 
passed. 

FIG. 5 is a cross sectional vieW of a portion of a 
trans?ective LCD according to a preferred embodiment of 
the present invention. The trans?ective LCD mainly com 
prises a liquid crystal panel including a bottom plate 110, a 
top plate 120 bonded to the bottom plate 110 and a liquid 
crystal 130 ?lled betWeen the top and bottom plates. 
Typically, the bottom plate 130 is provided With a plurality 
of piXel regions arranged as a matriX, and the top plate 120 
is provided With a color ?lter 120a for displaying colors and 
a transparent electrode 120b such as an ITO electrode as a 

common electrode. PolariZing plates 140, Which polariZe 
visible light, are respectively attached to the surfaces of the 
top and bottom plates. A light source such as a backlight 
module 150 is provided behind the polariZer 140 on the 
bottom plate 130. The backlight module 150 typically 
includes a lamp such as a ?uorescent tube 152 contained 
Within a tubular housing 154 that has an inner mirrored 
surface. Light generated from the ?uorescent tube 152 enters 
the backlight module 150, and is re?ected into the liquid 
crystal layer. 

FIG. 6 is a top plan vieW of the bottom plate 110 of the 
LCD according to the present invention. On the central 
region of the bottom plate 110, there are formed a plurality 
of parallel scan lines 112 and a plurality of parallel data lines 
114 perpendicular to the scan lines 112. The piXel region 
described above is a region Which is surrounded by tWo 
adjacent scan lines 112 and tWo adjacent data lines 114. 
Although not shoWn, these scan lines 112 and data lines 114 
are insulated from each other through an inter-layer insu 
lating ?lm. Moreover, the display region is constructed of 
the region in Which the scan lines 112 and the data lines 114 
intersect, and the piXel region is a region Which is sur 
rounded by the tWo adjacent scan lines 112 and the tWo 
adjacent data lines 114. Speci?cally, in each piXel region, as 
shoWn in FIG. 7, there are formed a thin ?lm transistor 

10 

15 

25 

35 

40 

45 

55 

65 

4 
(TFT) 116 as the sWitching element, and a trans?ective 
electrode 118 as a piXel electrode. When the scanning signal 
is fed to the scan line, the thin ?lm transistor is turned on to 
feed the video signal therethrough to the piXel electrode. 

It is noted that the present invention is characteriZed in 
that the trans?ective electrode 118 is made of AlN such that 
the trans?ective electrode 118 passes light in the transmis 
sive state and re?ects ambient light in the re?ective state. 
Accordingly, an image is generated by the trans?ective LCD 
according to the present invention When either ambient light 
is incident on the surface of the top plate or When light is 
generated by the light source. According to the present 
invention, the trans?ective electrode 118 is formed from a 
thin ?lm of AlN deposited With a sputter poWer of from 
about 10 to about 40 KiloWatts With a ?lm forming pressure 
of about 0.3 to about 1 Pa. Typically, the AlN ?lm is 
deposited by chemical vapor deposition (CVD) or sputter 
ing. According to the present invention, the AlN ?lm is 
preferably deposited by sputtering a target substrate of 
aluminum in a vacuum chamber using nitrogen gas plasma 
as reactive gas and using argon as inert sputter gas. The piXel 
electrode must be thin enough to alloW sufficient light to 
pass in the transmissive state; moreover, the piXel electrode 
must be thick enough thereby assuring a suf?cient accuracy 
of the electrode thickness. Therefore, the thickness of the 
AlN ?lm is chosen preferably in the range of about 100 to 
about 400 angstroms, more preferably in the range of about 
200 to about 300 angstroms, and most preferably to be about 
250 angstroms. Then, a photoresist layer is applied on the 
surface of the AlN ?lm, and a pattern of piXel electrodes is 
transferred by photolithography. Finally, the unprotected 
portions of the AlN ?lm are removed to form corresponding 
trans?ective electrodes 118. 

In the trans?ective LCD according to the present 
invention, by providing the trans?ective electrodes of alu 
minum nitride to replace conventional transparent piXel 
electrodes, the AlN electrodes have such a thickness (for 
eXample approximately 250 angstroms) that thickness varia 
tions caused by process variations do not in?uence the 
uniformity of the display, While, on the other hand, the AlN 
electrodes still alloW suf?cient light from a light source 
(backlight) to pass. Further, this causes the sheet resistance 
to decrease considerably thereby enhancing the drive behav 
ior. 

Although the invention has been eXplained in relation to 
its preferred embodiment, it is to be understood that many 
other possible modi?cations and variations can be made 
Without departing from the spirit and scope of the invention 
as hereinafter claimed. 
What is claimed is: 
1. A trans?ective liquid crystal display, comprising: 
a top plate comprising a transparent electrode; 
a bottom plate comprising trans?ective electrodes of 

aluminum compound; 
a liquid crystal layer sandWiched betWeen the top plate 

and the bottom plate; and 
a light source behind the bottom plate, 
Wherein an image is generated by the trans?ective liquid 

crystal display When either ambient light is incident on 
the surface of the top plate or When light is generated 
by the light source. 

2. The trans?ective liquid crystal display as claimed in 
claim 1, Wherein the bottom plate further comprises: 

a plurality of parallel scan lines; 
a plurality of parallel data lines formed perpendicular to 

the scan lines, the scan lines and the data lines being 
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arranged to form a matrix of pixel regions With each of 
the pixel regions bounded by tWo adjacent scan lines 
and tWo adjacent data lines; and 

a plurality of thin ?lm transistors formed at intersections 
betWeen the scan lines and data lines, 

Wherein each of the trans?ective electrodes is respectively 
disposed in one of the pixel regions and functions as a 
pixel electrode. 

3. The trans?ective liquid crystal display as claimed in 
claim 2, Wherein the trans?ective electrodes have a visible 
light transmittance of not less than 10%. 

4. The trans?ective liquid crystal display as claimed in 
claim 3, Wherein the trans?ective electrodes have a thickness 
in the range of about 100 to about 400 angstroms. 

5. The trans?ective liquid crystal display as claimed in 
claim 4, Wherein the trans?ective electrodes have a thickness 
in the range of about 200 to about 300 angstroms. 

6. The trans?ective liquid crystal display as claimed in 
claim 5, Wherein the trans?ective electrodes have a thickness 
of about 250 angstroms. 

7. The trans?ective liquid crystal display as claimed in 
claim 1, Wherein the trans?ective electrodes are formed from 
a thin ?lm of aluminum nitride deposited With a sputter 
poWer of from about 10 to about 40 KiloWatts With a ?lm 
forming pressure of about 0.3 to about 1 Pa. 

8. The trans?ective liquid crystal display as claimed in 
claim 1, Wherein the aluminum compound includes alumi 
num nitride. 

9. A trans?ective liquid crystal panel, comprising: 
a top plate comprising a transparent electrode; 
a bottom plate comprising trans?ective electrodes of 
aluminum compound; and 

a liquid crystal layer sandWiched betWeen the top plate 
and the bottom plate, 

Wherein an image is generated by the trans?ective liquid 
crystal display panel When light is incident on the 
surface of the top plate or the bottom plate. 
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10. The trans?ective liquid crystal panel as claimed in 

claim 9, Wherein the aluminum compound includes alumi 
num nitride. 

11. The trans?ective liquid crystal panel as claimed in 
claim 9, Wherein the bottom plate further comprises: 

a plurality of parallel scan lines; 

a plurality of parallel data lines formed perpendicular to 
the scan lines, the scan lines and the data lines being 
arranged to form a matrix of pixel regions With each of 
the pixel regions bounded by tWo adjacent scan lines 
and tWo adjacent data lines; and 

a plurality of thin ?lm transistors formed at intersections 
betWeen the scan lines and data lines, 

Wherein each of the trans?ective electrodes is respectively 
disposed in one of the pixel regions and functions as a 
pixel electrode. 

12. The trans?ective liquid crystal panel as claimed in 
claim 11, Wherein the trans?ective electrodes have a visible 
light transmittance of not less than 10%. 

13. The trans?ective liquid crystal panel as claimed in 
claim 12, Wherein the trans?ective electrodes have a thick 
ness in the range of about 100 to about 400 angstroms. 

14. The trans?ective liquid crystal panel as claimed in 
claim 13, Wherein the trans?ective electrodes have a thick 
ness in the range of about 200 to about 300 angstroms. 

15. The trans?ective liquid crystal panel as claimed in 
claim 9, Wherein the trans?ective electrodes have a thickness 
of about 250 angstroms. 

16. The trans?ective liquid crystal panel as claimed in 
claim 9, Wherein the trans?ective electrodes are formed from 
a thin ?lm of aluminum nitride deposited With a sputter 
poWer of from about 10 to about 40 KiloWatts With a ?lm 
forming pressure of about 0.3 to about 1 Pa. 

* * * * * 


